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Introduction
hromium (Cr) is the 21 st most abundant element in the Earth's crust. It is a naturally occurring element found in rocks, volcanic dust and gases, soil as well as plants and animals (Krebs, 2006) .
While several valence states of Cr are possible, only the trivalent Cr (III) and hexavalent Cr (VI) forms have significant environmental stability. Most of the naturally occurring chromium is in the Cr (III) form as chromite ore (Stoecker, 2004) and in salts used as micronutrients and dietary supplements (Pechova and Pavlata, 2007) , while Cr (VI) salts such as potassium dichromate (K 2 Cr 2 O 7 ) or chromic acid tend to occur as a result of anthropogenic uses. These include pigments, metal finishing (including chromium plating), leather tanning, stainless steel welding and wood preservatives e.g. chromate copper arsenate C (CCA) wood (He et al., 2007) . In addition, electronic devices with flat panel displays and cathode-ray TV tubes contain significant amounts of chromium (Lim and Schoenung, 2010) . Cr (VI) compounds are also present in cigarette smoke and automobile emissions (Benhard et al., 2005 and Lou et al., 2013) . Moreover, significant levels of Cr (VI) have been found in drinking water sources (Sutton, 2010) .
Hexavalent chromium Cr (VI) compounds are classified as class I human carcinogens (International Agency for Research on Cancer (IARC), 1990), based on increased incidences of lung cancers in animals and humans after inhalation exposures (the major route of exposure) and a large body of knowledge showing that they are mutagenic and genotoxic (NJDEP, 2006 and Seidler et al., 2013) .
p53 is a tumor suppressor gene whose product can act as a suppressor of transformation (Couture et al., 2013) and has been shown to be induced by DNA damage (Yan et al., 2013) . p53 is known to play a key role in practically all types of human cancers, and the mutation or loss of the p53 gene can be identified in more than 50% of all human cancer cases worldwide (Tomasevic et al., 2010) .
Small intestine is the primary site for great exposure to hazardous materials and its principal functions are subjected to the toxic effects of chemicals in food, water and other ingested materials. Under the current United States Environmental Protection Agency Guidelines for Carcinogen Risk Assessment (USEPA, 2005) , oral exposure to Cr (VI) is likely to be carcinogenic to humans. Some investigators reported that antioxidants inhibit chemical carcinogenesis when the antioxidants are administered either prior or during carcinogenic changes (Srihari et al., 2008) .
Proanthocyanidins, naturally occurring compounds widely found in fruits, vegetables, nuts, seeds, flowers and bark, are a group of polyphenolic bioflavonoids diverse in chemical structure, pharmacology and characteristics. The seeds of the grape (Vitis vinifera) are particularly rich source of proanthocyanidins (Nandakumar et al., 2008) . Besides the free radical scavenging and antioxidant activity, grape seed proanthocyanidin extract (GSPE) exhibit vasodilatory, immunostimulating, antibacterial, cardioprotective, antiviral, anti-inflammatory, antiallergic and anti-tumoral activities (Mantena et al., 2006 and Tang et al., 2012 ) .
To our knowledge there were no previous studies have shown the protective effect of GSPE on K dichromate toxicity in small intestine of adult male albino rats. Accordingly, the present study was carried out to investigate the antioxidant effect of GSPE against oxidative DNA damage induced by potassium dichromate on the small intestine of adult male albino rats through biochemical and microscopic study. This study was carried out on 40 adult male albino rats, their weight ranged from 150-200 g. During the study the animals were kept in wire mesh cages with ad-libitum access to water. The room temperature was about 22-24 ○ C and the animals were exposed to 12:12 hours light dark cycles. Animals were allowed a two week pre-experimentation period to be acclimatized to the laboratory conditions.
Material and method
The animals were randomly divided into 4 equal groups; all animals received their doses orally by syringe feeding method once daily for two months:
1. Group I (control group): received 0.2ml distilled water which is the diluting vehicle of potassium dichromate and GSPE. 2. Group II: (GSPE group): received 100mg/kg GSPE prepared as 20mg/0.2ml solution in distilled water (Das, 1999) . 3. Group III: (K dichromate treated group): received 15mg/kg K dichromate prepared as 3mg/0.3ml solution in distilled water (Krim et al., 2013) . LD50 of K dichromate in rats is 80mg/kg (Slooff, 1989) . 4. Group IV: (protective group):
received GSPE with potassium dichromate concomitantly (at the same dose and duration in group II and III).
III-Methods
Body weight was recorded at the beginning of the experiment of all studied groups and after 2 months. At the end of the experiment and after 6 hours fasting, the animals were anaesthetized by ether, and while the heart is still beating blood was collected on heparin via cardiac puncture. Plasma was separated and stored in aliquots at -80 ○ C till used for the assay of the levels of malondialdehyde (MDA) and total thiol level (T-SH).
Then all rats were sacrificed by decapitation, the abdomen was opened and pieces of small intestine were taken from duodenum (2 cm distal to the pyloric sphincter), jejunum (10 cm distal to ligament of trites) and ileum (2 cm proximal to the ileocecal junction). Intestinal tissue was divided into three parts. The first part was used for histological assessment and immunohistochemistry for p53. The second part was used for scanning electron microscopy. The third part of intestinal specimens were washed three times with ice cold saline and blotted individually on ash-free filter paper, and weighted then homogenized separately with a potter-Elvenhjem tissue homogenizer. The tissue was homogenized in phosphate buffer saline (PBS) 10 mM pH 7.4 for estimation levels of MDA and T-SH (Turpeenoja et al., 1988) . Protein concentration for each homogenate was determined by the method of Lowry et al. (1951) .
Spectrophotometric assay

MDA level
Oxidation of polyunsaturated fatty acids leads to lipid peroxidation (Valavanidis et al., 2006) . The method described by (Ohkawa et al., 1979) depends on the reaction of MDA as an end product of lipid peroxidation with thiobarbituric acid producing thiobarbituric acid reactive substance (TBARS), a pink chromogen, which can be measured spectrophotometrically at 532 nm, by commercial kit (Biodiagnostic, Egypt), the results were expressed as nmol/ml or nmol/mg protein for plasma and tissue respectively.
T-SH content
The total thiol status in the body is considered as major antioxidants in our body. Breifly,100 μL of plasma or tissue homogenate was added to reaction mixture containing 900 μL of 2 mmol Na₂EDTA in 0.2 mol Na₂HPO₄ and 20 μL of 10 mmol 5' 5' dithio-bis (2-nitrobenzoic acid) (DTNB) in 0.2 M Na₂HPO₄, incubated at room temperature for 5 min and absorbance was read at 412 nm. Total thiol level was determined using molar extinction coefficient 1600 M1Cm-1 and expressed as nmol/L or nmol/mg protein for plasma and tissue respectively (Motchnik et al., 1994) 
Histological study
The intestinal specimens were washed with saline and fixed in phosphate-buffered formalin solution for 24 h. Tissues were processed and embedded in paraffin wax by routine protocol. Five μm thick sections were mounted on slides and stained with hematoxylin and eosin. The sections were examined by Leica binocular light microscope with built in camera (Marilyn, 2008) .
Immunohistochemical study
For immunohistomchemical study, five μm sections were mounted, dried and dewaxed in xylene. Rehydrated sections were then incubated with 3% hydrogen peroxide in humidified boxes to block the endogenous activity of peroxidase. Microwaveassisted antigen retrieval was performed for 20 minutes. Sections were then incubated overnight at 4 Cº with primary rabbit primary p53 antibody (Rabbit anti-human p53 monoclonal antibody, unconjugated, clone SP5. Lab Vision Catalog≠ RM-9105-R7, ID: 149917). After washing with PBS (phosphate buffer solution), sections were incubated with biotinylated goat anti rabbit secondary antibody for 30 minutes and then with streptavidin peroxidase conjugate(Medical and Biological Laboratories Co. Ltd., Japan) for 30 minutes. Sections were then washed with PBS, and incubated with diaminobenzidine (DAB) chromogen (Sigma) to detect immunoreactivity. Counterstaining was performed by Mayer's hematoxylin. The expression for p53 was localized to the nuclei of cells (Jackson and Blythe, 2008) . Negative control was done using the same steps except that phosphate buffered saline was applied instead of the primary antibody (Marilyn, 2008) .
Scanning electron microscope
For scanning electron microscopic examination (SEM), small pieces of small intestine were washed several times with saline and cleaned with a fine, hair brush. They were fixed in phosphate buffered 2.5% glutaraldehyde for 3-4 hr and post-fixed in phosphate buffered 1% osmium tetra oxide for 1 hr. The specimens were dehydrated in a graded series of ethanol and dried at a critical point using liquid CO 2 . The dried specimens were attached to the stubs and then coated with gold by coating apparatus coating SPI module -VAC/sputter coater (Bozzola and Russel, 1999) . The coated specimens were examined directly in scanning electron microscope (JOEL, JSM5200LV) at the Faculty of medicine, Tanta University.
Morphometric and image analysis
This was done in three histological sections per animal. From each section ten randomly selected fields of wellorientated haematoxylin and eosin stained sections were evaluated to generate the quantitative data. The following parameters were counted; the number of intact villi and intact crypts per field (X200), villous height and crypt depth (X200) in µm, were measured to estimate villus/crypt ratio. This was done using Leica light microscope with built in camera. The height of villi was measured from the tip of the villus to the villus-crypt junction. Villous height and crypt depth are direct representations of the intestinal environment and may be used as an indicator of intestinal health. The villus:crypt ratio is an indicator of the likely digestive and absorptive capacity of the small intestine (Zitnan et al., 2003) .
Image analysis system was used to count the mean number of positive cells for p53 in the intestinal tissue of the different studied groups. The positive staining cells were observed under 400X magnifications. Ten non overlapping fields in slides of each animal of each group were examined.
IV-Statistics
Statistical presentation and analysis of the present study was conducted, using the mean, standard deviation by SPSS V.16. In view of the multiple measurements used and the variables involved, statistical analysis was by one way analysis of variance (ANOVA), with post-hoc test. P<0.05 was considered significant.
Results
I-Initial and final body weights (gm)
Body weights were decreased significantly in rats received K dichromate only (group III) compared with other studied groups (group I, II, IV), while treatment with GSPE significantly improved this change in group IV (Table 1) . Table ( 2) shows a significant increase in MDA both in plasma and intestinal tissue in rats treated with K dichromate (group III) compared with other studied groups (group I, II, IV), and significant reduction in group IV on treatment with GSPE along with K dichromate.
II-Measurements of oxidant/ antioxidant status
Moreover, there was a significant decrease in total thiol level both in plasma and intestinal tissue in K dichromate treated animals (group III) compared with the other studied groups, while treatment with GSPE significantly improved this change in group IV.
III-Histological results
Light microscopic examination of hematoxylin and eosin (H&E) stained sections of small intestine of the first and second groups were similar and revealed normal intestinal wall. The mucosa showed well formed villi with a core of connective tissue covered with tall columnar entrerocytes having thick regular continuous brush border, acidophilic cytoplasm and basal vesicular nuclei. Many Goblet cells were also present between them. The villi of the duodenum are leaf like while those of the jejunum and ileum are finger like. The crypts of Leiberkuhn appeared as invaginations of the mucosa between the bases of the villi. The submuocsa and muscularis externa were seen normal. The duodenum was identified by presence of Brunner's glands in its submucosa (Figure 1 ), while ileum was identified by presence of large lymphatic follicles of Peyer's patches inside its lamina propria and extend to its submucosa (Figure 2 ).
Group III (K dichromate treated group) revealed deleteriously damaged intestinal mucosa. The maximum damage was mainly detected in the duodenum that decreased gradually in the jejunum to be minimal in the ileum. These changes were in the form of epithelial hyperplasia as evidenced by increase number of enterocytes to become stratified rather than being simple with distortion, broadening and shortening of the villi together with wide sub epithelial edema under the tips of the villi (Figure 3 ). Epithelial desquamation and sloughing together with surface discontinuity were commonly observed. The lamina propria showed cellular infiltration and long crypts (Figure 4 ). Some areas of the intestinal mucosa showed loss of architecture and short irregular broad villi ( Figure 5) .
Examination of sections of group IV animals showed disappearance of most of histological changes. The villi and the crypts were more or less similar to the control group (Figure 6 ).
Morphometric results
The villous height showed statistically significant decrease, while crypt length displayed statistically significant increase in small intestine of group III animals in comparison to the control group. This was reversed in GSPE treated group (group IV) where no significant difference was observed in comparison to the control group. The ratio of villous height to crypt depth in the normal small intestine showed a mean of 3.10±0.31 and 3.09±0.34 in group I and II respectively. Potassium dichromate treated group showed significant reduction in the villus/crypt ratio with marked improvement on addition of GSPE in group IV.
The number of the villi and crypts were decreased in a statistically significant manner in K dichromate treated animals (group III ) in comparison to the other studied groups (group I , II, IV), while treatment with GSPE significantly improved these changes in group IV (Table 3) .
IV-Immunohistochemical results
Immunostained sections of the control and GSPE treated groups (group I and II) showed similar results. They revealed absence of immuno reaction in the mucosa of the small intestine (Figure 7 ). On the other hand, K dichromate treated group (group III) showed prominent increase in the number and intensity of p53 positive cells in the intestinal epithelium covering the villi and those lining crypts (Figure 8 ). The p53 expression was localized to the nuclei of small intestinal cells as indicated by the brown nuclei in figure (8). The reaction was observed prominently in the duodenum and decreased gradually in the jejunum and ileum. The intestinal mucosa of group IV showed decrease in the number and intensity of immunostained intestinal epithelial nuclei (Figure 9 ).
Morphometric results
Table (4) shows comparative statistics of p53 positivity in all studied groups. The highest mean positivity was detected in group III (K dichromate treated animals) compared to group I (control group) and group II (GSPE treated animals).There was significant improvement on administration of GSPE in group IV. There was a statistically significant difference among the four groups (p < 0.05).
V-Scanning electron microscope
Small intestine of control group (group I) of group II showed multiple uniform villi having hump like appearance. They were leaf like in the duodenum and finger like in the jejunum and ileum (Figure10). The top surface of the columnar epithelium showed hexagonal appearance with close approximation of the cells to each other and Goblet cells were seen as electron lucent variable sized ballooned structure inbetween (Figure, 11) .
The mucosa of small intestine of potassium dichromate treated group revealed wide diffuse affection and multiple erosion of their surface and disruption of their villi in association with focal areas of complete loss of the villi (Figure12). Some villi showed desquamation of their epithelium and appeared as scale like (Figure13) . The top surface of the villi displayed depletion of the Goblet cells and shrinkage of the columnar epithelial cells with widening of the intercellular space (Figure14). The maximum damage was in the duodenum followed by jejunum and lastly the ileum. The mucosa of GSPE treated group displayed similar findings like that of the control group except for few localized areas which showed disrupted villi (Figure15). 
Figure 3: Photomicrograph of intestinal section (duodenum) of potassium dichromate treated group (Group III) showing epithelial hyperplasia (→) with distortion and shortening of the villi (►). Notice wide subepithelial edema under the tips of the villi (*). (H&E X200).
Figure 4: Photomicrograph of intestinal section of jejunum of potassium dichromate treated group (Group III); A: showing surface discontinuity (→), cellular infiltration (I) and shortening of the villi (wavy arrow) (H&E X400). B: showing desquamation (►) and distorted villi (curved arrow) and long crypts (→). (H&E X200).
Discussion
Chromium usage is increasing worldwide. Oral exposure to Cr (VI) in animals and humans causes various health hazards (Li et al., 2011) . The current study evaluated the toxic effects of K dichromate in the dosage of 15mg/kg/day orally on the small intestine of adult male albino rats through biochemical and microscopic examination and the possible protective effect of grape seed proanthocyanidin extract (GSPE) in a dosage of 100mg/kg/day orally.
In the present study, there was a significant decrease in body weight in K dichromate treated rats (group III) compared to the other studied groups with significant improvement in group IV on administration of GSPE along with Cr (VI). This was in agreement with National Toxicology Program (NTP) (2007, 2008) where body weight of rats received Cr (IV) in water was decreased more than 10% relative to controls due to unpalatability of water containing sodium dichromate dehydrate and diminished general and oral health in rats because of development of squamous cell carcinoma of the oral mucosa (buccal and tongue regions). Similarly, Kumar and Roy (2009) found that chromium induced a decrease in body weight gain, liver weight, and liver/body ratio. This finding might be also attributed to the mucosal structural damage as evidenced by light and scanning electron microscope.
The current study revealed that the level of MDA in plasma and intestinal tissue of chromiumtreated rats (group III) was significantly higher than the control group. This may reflect that the mechanism of Cr toxicity is possibly mediated by oxidative stress when the production of reactive oxygen species (ROS) overwhelms antioxidant defense mechanism (Valko et al., 2005) . Free radicals trigger cell damage through binding to cellular macromolecules, particularly membrane lipids and polyunsaturated fatty acids in the endoplasmic reticulum (Naik and Panda, 2007) . These results were in line with Bagchi et al. (1995) who demonstrated that rats received Cr (VI) orally in water developed hepatic mitochondrial and microsomal lipid peroxidation (LPO), as well as enhanced excretion of urinary lipid metabolites including malondialdehyde (MDA). These results also coincided with and Khan et al. (2012) who reported that occupationally exposed workers to Cr (IV) show significantly higher concentration of MDA compared with unexposed population, and decreased level of glutathione (GSH) which is a major endogenous antioxidant.
The current study revealed a significant decrease in total thiol level both in plasma and intestinal tissue in Cr (VI) treated rats compared to control group Total thiols are the major and most efficient antioxidants that have the ability to react with free radicals and protect against reactive oxygen species-induced damage (Muttigi et al., 2009 ).. Medeiros et al. (2003) attributed decreased value of total thiol in Cr (VI) exposed workers to its involvement in the detoxification, inhibition of lipid peroxidation by scavenging free radicals or as an outcome of the increased participation of Glutathione (GSH) in stable DNA-protein crosslink adduct formation. Total thiol depletion impairs the cell's defense against the toxic actions of reactive oxygen species (ROS) and might lead to cell injury and death.
In the current study, there was significant improvement in malondialdehyde (MDA) and thiol levels in group IV as rats were treated with GSPE concomitantly with K dichromate. Ariga, (2004) proved the powerful antioxidant capacity of GSPE and its predominance over vitamin C and E.
The present study demonstrated that potassium dichromate induced structural alterations in the mucosa of the small intestine especially the duodenum, followed by jejunum and lastly the ileum. Ileum was minimally affected by the toxic effect of the chromium because Cr (VI) absorption decreases distally through small intestine due to reduction of Cr (VI) to Cr (III) in the intestinal lumen and/or differences in the relative absorption of chromium in the intestinal segments. Additionally, the presence of large sized reactive lymphatic follicles of Payer's patches may share in providing protection to the ileum (Kirman et al., 2012) .
All these changes were attributed to that Cr (VI) is absorbed by villous enterocytes and reduced to Cr (III) intracellularly leading to generation of oxygen radicals (O'Brien et al., 2003 and Valko et al., 2006) . Reactive oxygen metabolites (ROMs) such as singlet oxygen (O˙2), superoxide anion (O 2¯) , hydroxyl radical (OH¯), and hydrogen peroxide (H 2 O 2 ) are involved in the initiation and promotion of carcinogenesis (Ray et al., 2000) . Cr (III) has been shown to interact directly with DNA and other macromolecules to induce chromosomal alterations and mutational changes (Sen et al., 2010) .
Blunt and short villi observed in the present study in association with elongation of the crypts were attributed by Kirman et al. (2012) to the increased number of crypt enterocytes but this increase was insufficient to maintain the normal length and structure of healthy intestinal villi. Gao et al. (2002) explained that pathophysiology of villus degeneration through inhibition of the de novo purine synthesis and thymidine kinase in the salvage pathway of pyrimidine synthesis in crypt cells of the small intestine. This will suppress proliferation and differentiation of small intestinal epithelial cells which occurred in the crypt. The crypt cells, which are rapidly generated, migrate to the villus tip, and the replacement of the intestinal epithelium is completed in 3 days in humans and in 2 days in rats. The suppression of proliferation and differentiation of the epithelial cells would reduce the migration of the epithelial cells along the crypt-villus axis (Verburg et al., 2000) .
The current study revealed that localized areas of the intestinal mucosa, presented hyperplasia of the epithelium as evidenced by increased number of enterocytes to become stratified rather than being simple. All these changes were associated with significant decrease in villus/crypt ratio and the number of villi and crypts. These results were partially agreed with NTP (2007) and NTP (2008) studies that reported the presence of diffuse hyperplasia which was significantly increased in all groups treated with Cr (VI) in a dose-dependent manner and was characterized by short, broad and blunt villi and by elongated crypts that contained increased numbers of epithelial cells and mitotic figures in female mice but not in female or male rats. Such effects are a nonspecific response to various types of injuries, and can be associated with either hyperproliferation or hypoproliferation of crypt enterocytes (Serra and Jani, 2006) . Thompson et al. (2011) hypothesized a plausible mode of action of K dichromate for development of the intestinal tumors that includes: saturation of the reductive capacity of the upper gastrointestinal (GI) tract, absorption of Cr (VI) into the intestinal epithelium, oxidative stress and inflammation, cell proliferation, direct and/or indirect DNA modification, and mutagenesis.
p53 is a major "guardian of the genome" (Louwen and Yuan, 2013) . The biological consequences of p53 activity include cell-cycle regulation, induction of apoptosis, development, differentiation, gene amplification, DNA recombination, chromosomal segregation, and cellular senescence (Pietsch et al., 2008 and Menendez et al., 2009) . The p53 protein normally has a short half-life within the cell but it is markedly prolonged after missense mutation and deletions. Mutations in the DNA binding region account for 80% of point mutations and subsequently lead to the greatest decrease in p53 function. Missense mutations of p53 lead to accumulation of protein and nuclear overexpression as demonstrated by various immunohistochemical techniques (Esrig et al., 1993 ).
In the current study, there was a significant increase in the number of p53 positive cells in the intestinal tissue of group III animals which received K dichromate in comparison to control group. This coincided with Hill et al. (2008) and Banu et al. (2011) who detected increase in the total p53 protein and p53 phosphorylation in human colon carcinoma cells and ovarian granulosa cells of chromium treated SpragueDawley rats. Arakawa et al. (2012) also found mutation of p53 gene in Cr (VI)-treated human lung cells due to induction of oxidative DNA damage through Cr (V) intermediate.
Prolonged and continued exposure to chromium would induce oxidative DNA damage mainly by Cr (III) that triggers p53 over-expression and mutagenesis which contribute to carcinogenesis (Arakawa et al., 2006) . Chromium III binds directly to DNA and produces stable DNA-chromium complexes, DNA strand breaks, DNA-DNA cross links, and DNAprotein cross links (Thompson et al., 2012) . However, other studies showed an involvement of the oxidative damage pathway in the gentoxicity of chromium in occupationally exposed individuals (Goulart et al., 2005 and Nickens et al., 2010) . Cr (VI) compounds may be mutagenic, as it was reported to cause chromosomal aberrations and increase in sister chromatid exchanges in lymphocytes from chromate production workers (Wise et al., 2010 and Sellappa et al., 2011) . Xiao et al. (2013) reported that p53 expression is correlated with the Cr (VI)-induced increase in DNA protein cross-links (DPCs) which appears to be the direct and primary genotoxic effect of Cr (VI) exposure.
The results of the current study were in agreement with Izzotti et al. (1998) who reported an increase in 8-Oxo-2'-deoxyguanosine (8-oxo-dG), which is one of the major products of DNA oxidation, in the rodent lung after intra tracheal instillation of sodium dichromate dihydrate (SDD). Oxidative stress and stimulation of apoptosis induced by potassium dichromate enhance breakdown of the cytoskeleton. This explained the morphological features seen in the present study by scanning electron microscope such as depletion of goblet cells, shrinkage of the epithelial cells and widening of the intercellular spaces with frequent desquamation
The current study demonstrated marked improvement of histological appearance of small intestine, number of villi and crypts and villous/crypt ratio in group IV due to treatment of rats with GSPE along with Cr (VI). Additionally, there was also significant downregulation in p53 expression in group IV. A protective effect on oxidative DNA damage was reported for GSPE by Morin et al. (2008) when studied in rat leukocytes. Similarly, Praphasawat et al. (2011) reported the effectiveness of GSPE in reduction of the chromosome and DNA damage induced by mutagen and H₂O₂ radicals. Bagchi et al. (2002) exhibited a series of mechanistic information of GSPE including free radical scavenging ability, inhibition of DNA topoisomerase II activity, anti-endonucleolytic activity, anti-necrotic, anti-carcinogenic and modulatory effects on some regulatory genes such as Bcl-2, c myc and p53. The protective effect of grape seed extract could be by the chelation of redox active metals, by the trapping of some reactive oxygen species and also by induction of expression of γ-glutamyl cysteine synthetase, the rate-limiting enzyme for GSH synthesis (Myhrstad et al., 2002) . Grape seed extract by its GSH promoting activity, promotes vitamins E and C status, as these endogenous antioxidants are tightly linked (Balu et al., 2006) .
Conclusion
Based on evidence presented in this study, it can be concluded that oral exposure to K dichromate resulted in increased oxidative stress, altered antioxidant status and DNA damage of small intestine in adult male albino rat. These findings predispose K dichromate to be carcinogenic to small intestine after oral intake especially the duodenum. Administration of GSPE along with K dichromate resulted in normalization of its toxic effects, thus highlighting the anticarcinogenic action of GSPE, by attenuating oxidative DNA damage.
Recommendations
Natural antioxidants including GSPE can serve as a type of preventive medicine. Using these agents as adjuvant to conventional therapeutic drugs augments their therapeutic effect at relatively lower doses, thereby limiting their toxic side effects to some extent. So, further studies are definitely needed to clarify issues related to human exposure to K dichromate and the protective effect of GSPE. Lipoperoxidation products and thiol antioxidants in chromium exposed workers.
